Primary neoplasms of the petrous apex are rare and include eosinophilic granuloma, chondroma, chondrosarcoma, chordoma, and schwannoma. We report just the second published case of an intraosseous schwannoma of the petrous apex and are the first to describe the entity using magnetic resonance imaging. By studying the computed tomography and magnetic resonance imaging features of this rare tumor, it is possible to suggest the diagnosis preoperatively.
CASE REPORT
A 48-year-old woman with a history of long-standing migraines presented with a 4-month history of new-onset headache and decreased sensation of the left face. There was no notable surgical, family, or social history. Physical exam revealed slightly diminished sensation in dermatomes corresponding to the left ophthalmic and maxillary divisions of the trigeminal nerve, but no other neurologic deficits.
Computed tomography (CT) of the brain revealed a sevenmillimeter (mm), well-defined, smoothly marginated lytic lesion of the left petrous bone. The lesion did not demonstrate an internal matrix and showed no associated extraosseous component (Fig. 1 ).
Magnetic resonance imaging (MRI) was obtained for further characterization and demonstrated a lesion within the medial aspect of the left petrous apex just superior to the porous acousticus. The lesion was hyperintense on T2 weighted (T2W) sequence (Fig. 2) , isointense to brain on T1 weighted (T1W) sequence ( Fig. 3a and 4a ) and demonstrated solid enhancement after intravenous administration of gadolinium ( Fig. 3b and 4b ). It measured approximately 8 mm in the anteroposterior, 7 mm in the transverse and 7 mm in the craniocaudal dimensions. The lesion was mildly expansile, causing a thinning of the adjacent cortical bone, but it was well circumscribed with no evidence of cortical breakthrough. Furthermore, there was no significant extraosseous extension and no association with the cranial nerves or vasculature. No high signal was seen on diffusion-weighted images (DWI) (Fig. 5) .
Based on location, morphology, and signal characteristics the preoperative differential included mucocele, chondrosarcoma, or cholesteatoma (epidermoid). The patient underwent gross total resection of the tumor. The procedure involved a left temporal craniotomy with subtemporal extradural approach and partial Kawase approach. Intraoperative monitoring for facial nerve and bilateral brainstem evoked potentials was used with no changes noted.
Tissue samples were sent for frozen section analysis and were positive for progesterone receptor. The preliminary pathological diagnosis was meningioma. Final pathological examination demonstrated a benign mesenchymal lesion most consistent with schwannoma ( Fig. 6 and 7 ; see discussion below).
A variety of petrous apex lesions are described in the medical literature. These can be categorized as lesions originating from the temporal bone or those extending into the bone from adjacent tissues. Of those primarily arising within bone, most develop in the setting of a pneumatized apex, and include cholesterol granuloma, cholesteatoma, mucocele, and petrous apicitis [1] .
Primary neoplasms of the petrous apex are rare and include eosinophilic granuloma, chondroma, chondrosarcoma, chordoma, and schwannoma [1, 2] . Most neoplasms of the petrous apex arise from the direct extension of nearby primary tumors such as cranial nerve schwannomas, or as a result of metastatic spread from breast, lung, prostate and other cancers [1, 3] . Most schwannomas affecting the petrous apex arise from the posterior fossa, jugular foramen or Meckel's cave [4] .
We report a case of an intraosseous schwannoma of the petrous apex. A review of the literature revealed just one other such case reported by Solodnik et. al in 1986, which described the CT findings of an intraosseous petrous apex schwannoma [5] . This is the first report describing CT and MRI features of this entity. Intraosseous schwannomas are rare, and compromise 0.2% of bone tumors, which are themselves quite rare [6] . They are generally solitary with no gender or ethnicity predilection. Up until 1995, only 80 cases had been described in the world literature, with most arising within the mandible or sacrum [6] . In 2000, a case report and literature review by Ersahin et. al revealed only 6 cases of intraosseous schwannoma of the skull, which includes the single known case of petrous apex schwannoma reported by Solodnik et. al [7] .
In general, schwannomas arise almost exclusively from sensory nerves [8, 9] . Thus, the rarity of intraosseous schwannoma can, in part, be accounted for by the low density of sensory nerves within bone [9] . Schwannoma of bone is thought to originate from Schwann cells of the paravasal nerves, which travel with the nutrient arteries [10] . In their 1986 report on an intraosseous schwannoma of the petrous apex, Solodnik et. al postulated that the tumor arose from small sympathetic or parasympathetic fibers traversing the petrous apex [5] . Later, in 1995, Horn et. al suggested that the deep petrosal nerve was the nidus for development of two schwannomas arising from the carotid canal [2] .
In our case, the patient had no major neurologic deficits, but a slight decrease in unilateral sensation of the face. This finding may be incidental, as the imaging and operative findings revealed no relation of the tumor to the trigeminal nerve or any of its divisions. The greater and lesser petrosal nerves were unlikely candidates, as operative findings showed no relation between these nerves and the tumor. Furthermore, there was no preoperative loss of tearing, salivation or other deficit to support involvement of either of these nerves. This fits previous reports of intraosseous schwannoma, which note that these tumors are generally asymptomatic and discovered incidentally [11] .
Diagnostic imaging with CT and MRI is highly useful in characterization of petrous apex lesions. CT accurately defines the anatomic extent of the lesions and proximity to or invasion of bony structures such as the internal auditory canal or carotid canal. In conjunction with patient history and CT findings, MRI signal characteristic and enhancement pattern often provides definitive diagnosis prior to histological examination [1, 12, 13] . In 2007, Isaacson et al detailed the CT and MRI characteristics of various petrous apex lesions based on literature review [1, 12, 14, 15] . On MRI, petrous apex schwannomas are T1W isointense, enhancing, with high or low T2W signal. CT demonstrates an expansile, minimally erosive, isodense lesion [5] . The lesion in our case reflected the typical CT and MRI findings of schwannoma, as well as the described cases of intraosseous schwannoma. Nevertheless, it was not considered in the differential due to the rarity of this entity in that location.
Instead, the preoperative differential diagnosis included mucocele, chondrosarcoma, or cholesteatoma. Mucocele is similar to schwannoma in that it is hyperintense on T2W images, but it shows only peripheral enhancement and demonstrates variable T1W signal depending on protein content. Unlike schwannoma, mucocele generally shows destroyed septae on CT. This feature is likely nonspecific, however, as a schwannoma arising within a pneumatized apex (like mucocele) could theoretically mimic this finding [1] . Like schwannoma, chondrosarcoma is isointense on T1W images, hyperintense on T2W images and enhances. On CT, however, it can be seen infiltrating bone with eroded fragments left behind [1] . In addition to its destructive nature, chondrosarcoma can also demonstrate a mineralized chondroid matrix with a classical "ring-and-arc" appearance. This feature is helpful when present, but is seen only in about 50% of cases [16] . Lastly cholesteatoma is hypointense on T1W images, hyperintense in T2W images, demonstrates no enhancement, and shows restricted diffusion on DWI. On CT, smooth erosion of bone can be seen [1] . Each of these lesions has a feature, which distinguishes it from schwannoma. Thus, despite its rarity, intraosseous schwannoma should have been considered preoperatively.
In 2006, Ilgenfritz et al. noted that all reported cases of intraosseous schwannoma in the literature have been diagnosed postoperatively based on pathology findings [11] . This was also true in our case as schwannoma was not included in the preoperative differential. In our case, the histology showed nuclei in palisades (Fig. 6) . This was consistent with Antoni A tissue which is typically seen in schwannomas [17] . There was no cystic degenerative tissue to suggest Antoni B tissue. This comports with the MRI findings, which failed to demonstrate the heterogenous signal typically seen in schwannomas that display Antoni B tissue [17] .
DISCUSSION
Immunohistochemistry demonstrated strong nuclear staining for S-100 (Fig. 7) and weak staining for progesterone receptor. While progesterone receptor positivity is seen in 70% of meningiomas [18] , it can also be seen in schwannomas [19] . For example, in a 2008 retrospective study of 59 archival acoustic neuroma specimens, Cafer et al demonstrated progesterone positivity in all samples. Information is limited on this topic, however, because progesterone staining is not commonly performed on schwannoma tissue [19] . Staining for epithelial membrane antigen (EMA), which is almost always positive in meningiomas, was negative. Caldesmon, a smooth muscle marker, was also negative. S-100 antigen is found in neural crest tumors such as schwannoma, and is highly expressed in Antoni A areas [18] .
Thus, histological architecture along with immunohistochemistry led to the final diagnosis of intraosseous schwannoma.
Intraosseous schwannoma of the petrous apex is a rare entity, and thus may be neglected when considering the differential diagnosis of a newly discovered petrous apex lesion. While diagnosis of intraosseous schwannoma has traditionally been made by histological examination after surgery, an awareness of its appearance on CT (expansile, isodense, and minimally erosive) and MRI (T1 W isointense, T2W hypo or hyperintense, and homogenously enhancing) makes it possible to suggest this diagnosis preoperatively. 
